
US 20070111144A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0111144 A1 

Fujikawa et al. (43) Pub. Date: May 17, 2007 

(54) 

(75) 

(73) 

(21) 

(22) 

(30) 

Nov. 17, 2005 

DISPLAY DEVICE AND MANUFACTURING 
METHOD OF THE SAME 

Inventors: Saishi FujikaWa, Atsugi (JP); Kunio 
Hosoya, Atsugi (JP) 

Correspondence Address: 
NIXON PEABODY, LLP 
401 9TH STREET, NW 
SUITE 900 
WASHINGTON, DC 20004-2128 (US) 

Assignee: SEMICONDUCTOR ENERGY 
LABORATORY CO., LTD., Atsugi-shi 
(JP) 

Appl. No.: 11/591,556 

Filed: Nov. 2, 2006 

Foreign Application Priority Data 

(JP) .................................... .. 2005-33320? 

Publication Classi?cation 

(51) Int. Cl. 
G03C 5/00 (2006.01) 

(52) Us. or. ............................................................ .. 430/311 

(57) ABSTRACT 

A plurality of Wires and electrodes are formed by forming a 
?rst conductive ?lm, selectively forming a resist over the 
?rst conductive ?lm, forming a second conductive ?lm over 

the ?rst conductive ?lm and the resist, removing the second 
conductive ?lm formed over the resist by removing the 
resist, forming a third conductive ?lm so as to cover the 

second conductive ?lm formed over the ?rst conductive 

?lm, and selectively etching the ?rst conductive ?lm and the 
third conductive ?lm. Thus, Wires using a loW resistance 
material can be formed in a large-sized panel, and thus, a 
problem of signal delay can be solved. 

101 

.100 



Patent Application Publication May 17, 2007 Sheet 1 0f 16 US 2007/0111144 A1 

FIG. 1A 

I I 

/ / / // /, // 

104 

FIGQ1E 
1 

I 
//////////////////////// 

FIG. 1F 
'1 i 

. / 



Patent Application Publication May 17, 2007 Sheet 2 0f 16 US 2007/0111144 A1 

102 

FIG. 2B 110 111 

/////////////////////// 

FIG. 2C 
IIIIIIIIII 

1 V///////////A 
///////////////////////// 

FIG. 2D 
105 

. W///////////A 
//////////////////////// 

FIG. 2E 



Patent Application Publication May 17, 2007 Sheet 3 0f 16 US 2007/0111144 A1 

201:0‘: - - - - -- 201 

i k + 
FIG, 3B 200 

"F I 202 

FIG. 3C 

1 ( ) ( 

207 



US 2007/0111144 A1 

209 

Patent Application Publication May 17, 2007 Sheet 4 0f 16 

A 
/l A 

3 

1 %4 // 6% 

/ 2 

/ , 

b // 

% m \. Z, .. Mi i/m \ /l\l/m WWA \l/M C D m E m 

4 A? 4 NT 4 2 
m m m F F F 



Patent Application Publication May 17, 2007 Sheet 5 0f 16 US 2007/0111144 A1 



Patent Application Publication May 17, 2007 Sheet 6 0f 16 US 2007/0111144 A1 

FIG. 6A 
311 

1 
"1‘ "I" 

FIG. 66 3120 
312b 



Patent Application Publication May 17, 2007 Sheet 7 0f 16 US 2007/0111144 A1 

FIG. 7A 401 402 

5 Z 
?g ~ 

1400 
FIG. 7B 403 404 405 

___,,r f y { 



Patent Application Publication May 17, 2007 Sheet 8 0f 16 US 2007/0111144 A1 

407 
FIG. 8A 

"L T 



Patent Application Publication May 17, 2007 Sheet 9 0f 16 US 2007/0111144 A1 

FIG. 9A 
252 260 262 261 263 

\// // 

. 
A 

272 
\A 

273 

/ 

%///////Z/Z/////Z//////Z////é 



Patent Application Publication May 17, 2007 Sheet 10 0f 16 US 2007/0111144 A1 

FIG. 10A 

515 

504 
M 

M 

513 

/ 
511 

/ 
502 510- 512 

\ J / 
522a 

\ 

1 

520b 520a,520c 
521 520 FIG. 10B 

w 

, 27/26? 
522a,522c 

/ 

522 

522b 



Patent Application Publication May 17, 2007 Sheet 11 0f 16 US 2007/0111144 A1 

FIG. 11A 606 - 608 607 

605 

---- -- 603 

601 600 602 

FIG. 11B 62‘ 623 

%//Z///////////////&% . 1 A 





Patent Application Publication May 17, 2007 Sheet 13 0f 16 US 2007/0111144 A1 

FIG. 13A 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ "I" 

1302 1301 Pixel Region 

FIG. 138 

I 1303 

2222)) 
i 

Pixel Region 





FIG. 150 FIG. 15B 

FIG. 15E FIG. 15D 
3 0 3 2 

1| 0 3 2 



Patent Application Publication May 17, 2007 Sheet 16 0f 16 US 2007/0111144 A1 

FIG. 16A 

323 

3 5 324 

322 

321 320 

FIG. 16B 424 

421 
Ill/III I 

\ 
\ 

.4 

) ( 

.h N 00 



US 2007/0111144 A1 

DISPLAY DEVICE AND MANUFACTURING 
METHOD OF THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to a display device 
and a manufacturing method of the display device, speci? 
cally, a Wire technology for the display device. 

[0003] 2. Description of the Related Art 

[0004] In recent years, ?at panel displays (FPDs) typi?ed 
by liquid crystal display (LCD) devices or electrolumines 
cence (EL) display devices have been attracting attention as 
display device substitutes for CRTs (Cathode Ray Tubes). In 
particular, development of a large-screen liquid crystal tele 
vision set mounted With a large liquid crystal panel Which is 
driven With an active matrix method is the primary task for 
liquid crystal panel manufacturers. Further, EL televisions 
having a large screen have been developed actively. 

1. Field of the Invention 

[0005] Conventionally, aluminum (Al) is mainly used as a 
Wire material in a liquid crystal display device or an elec 
troluminescence display device. Recently, With the increase 
in siZe of display panels, the problem of signal delay has 
been occurring, due to the increase in the length of Wires 
(also referred to as a Wiring) such as gate Wires or source 
Wires (also referred to as a gate Wiring and a source Wiring, 
respectively). 
[0006] In order to solve this problem, it is effective to use 
a material Which has loWer electrical resistance than alumi 
num, Which is currently used as a Wire, for example copper 
(Cu). HoWever, because copper is an element having mobil 
ity, When it is employed as a Wire material, deterioration of 
a semiconductor element becomes a problem. In an inte 
grated circuit, this problem is solved by, for example, a 
so-called “damascene” method, as shoWn in Reference 1 
(Reference 1: Japanese Published Patent Application No. H 
1 1 -45 883). 

[0007] When a “damascene” method is adopted for manu 
facturing a panel, a polishing process (a planariZation pro 
cess) becomes a problem. In an integrated circuit using a Si 
Wafer, the Wafer siZe is about 300 mm(]), While the glass 
substrate siZe is more than 1 square meter, and thus, it is 
dif?cult to evenly polish the substrate. For this reason, it is 
not practical to use the “damascene” method for manufac 
turing a panel. Therefore, in order to use a copper Wire for 
a panel, instead of the “damascene” method, a Wire forma 
tion method is needed. 

[0008] As panels become larger, the length of a leading 
Wire through Which a signal from outside the panel passes to 
be input into a pixel region also becomes a problem. For 
example, problems such as signal delays or dullness of 
Waveforms occur because the lengths of leading Wires (also 
referred to as a leading Wiring) greatly differ among gate 
Wires. For example, in the case of a structure such as that 
shoWn in FIG. 13A, because the lengths of a Wire 1301 and 
a Wire 1302 differ greatly from each other, the resistance 
value of each Wire differs greatly, and thus, serious signal 
delay occurs. 

[0009] In order to solve this problem, in a conventional 
method, a redundant Wire is formed intentionally to make 
the Wire lengths equal, and thus the in?uence of the delay is 
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reduced. For example, as shoWn in FIG. 13B, by providing 
a redundant portion 1303 of the Wire, the difference betWeen 
the lengths of the Wire 1301 and the Wire 1302 in FIG. 13A 
is decreased so as to reduce the in?uence of the delay. 
HoWever, a large area is needed in order to lead a Wire in this 
method, and it is impossible to make the Wire resistances 
exactly the same. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made in vieW of the 
above described problems. It is an object of the present 
invention to provide a display device With reduced Wire 
resistance, and a display device in Which signal delays, 
dullness of Waveforms, and the like are decreased. 

[0011] Structures of the present invention are described 
beloW. One structure of the present invention is a manufac 
turing method of a display device, comprising the steps of 
forming a ?rst conductive ?lm; selectively forming a resist 
over the ?rst conductive ?lm; forming a second conductive 
?lm over the ?rst conductive ?lm and the resist; removing 
the second conductive ?lm formed over the resist by remov 
ing the resist; forming a third conductive ?lm so as to cover 
the second conductive ?lm formed over the ?rst conductive 
?lm; and selectively etching the ?rst conductive ?lm and the 
third conductive ?lm so as to form a plurality of Wires and 
a plurality of electrodes. 

[0012] Another structure of the present invention is a 
manufacturing method of a display device, comprising the 
steps of forming a ?rst conductive ?lm; selectively forming 
a resist over the ?rst conductive ?lm; forming a second 
conductive ?lm over the ?rst conductive ?lm and the resist; 
removing the second conductive ?lm formed over the resist 
by removing the resist; forming a third conductive ?lm so as 
to cover the second conductive ?lm formed over the ?rst 
conductive ?lm; selectively etching the ?rst conductive ?lm 
and the third conductive ?lm so as to form a plurality of 
Wires and a plurality of electrodes; forming a gate insulating 
?lm over the plurality of Wires and the plurality of elec 
trodes; forming a semiconductor ?lm over the gate insulat 
ing ?lm; selectively forming a channel protective ?lm over 
the semiconductor ?lm; forming a semiconductor ?lm doped 
With an impurity element over the channel protective ?lm 
and the semiconductor ?lm; forming a fourth conductive 
?lm over the semiconductor ?lm doped With the impurity 
element; selectively etching the semiconductor ?lm, the 
semiconductor ?lm doped With the impurity element, and 
the fourth conductive ?lm; forming a protective ?lm over 
the fourth conductive ?lm; selectively etching the protective 
?lm; and forming a pixel electrode so as to be electrically 
connected to the fourth conductive ?lm. 

[0013] Another structure of the present invention is a 
manufacturing method of a display device, comprising the 
steps of forming a ?rst conductive ?lm; selectively forming 
a resist over the ?rst conductive ?lm; forming a second 
conductive ?lm over the ?rst conductive ?lm and the resist; 
removing the second conductive ?lm formed over the resist 
by removing the resist; forming a third conductive ?lm so as 
to cover the second conductive ?lm formed over the ?rst 
conductive ?lm; selectively etching the ?rst conductive ?lm 
and the third conductive ?lm so as to form a plurality of 
Wires and a plurality of electrodes; forming a gate insulating 
?lm to cover the plurality of Wires and the plurality of 
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electrodes; forming a semiconductor ?lm over the gate 
insulating ?lm; forming a semiconductor ?lm doped With an 
impurity element over the semiconductor ?lm; selectively 
etching the semiconductor ?lm and the semiconductor ?lm 
doped With the impurity element; forming a fourth conduc 
tive ?lm over the semiconductor ?lm and the semiconductor 
?lm doped With the impurity element; selectively etching the 
semiconductor ?lm doped With the impurity element, and 
the fourth conductive ?lm; forming a protective ?lm to 
cover the fourth conductive ?lm; selectively etching the 
protective ?lm; and forming a pixel electrode so as to be 
electrically connected to the fourth conductive ?lm. 

[0014] Still another structure of the present invention is a 
manufacturing method of a display device, comprising the 
steps of forming an insulating ?lm; forming a semiconductor 
?lm over the insulating ?lm; selectively etching the semi 
conductor ?lm; forming a gate insulating ?lm to cover the 
semiconductor ?lm Which has been selectively etched; form 
ing a ?rst conductive ?lm over the gate insulating ?lm; 
selectively forming a ?rst resist over the ?rst conductive 
?lm; forming a second conductive ?lm over the ?rst con 
ductive ?lm and the ?rst resist; removing the second con 
ductive ?lm formed over the ?rst resist by removing the ?rst 
resist; forming a third conductive ?lm so as to cover the 
second conductive ?lm formed over the ?rst conductive 
?lm; and selectively etching the ?rst conductive ?lm and the 
third conductive ?lm so as to form a plurality of Wires and 
a plurality of electrodes. 

[0015] Another structure of the present invention is a 
manufacturing method of a display device, comprising the 
steps of forming a ?rst conductive ?lm; selectively forming 
a ?rst resist over the ?rst conductive ?lm; forming a second 
conductive ?lm over the ?rst conductive ?lm and the ?rst 
resist; removing the second conductive ?lm formed over the 
?rst resist by removing the ?rst resist; forming a third 
conductive ?lm so as to cover the second conductive ?lm 
formed over the ?rst conductive ?lm; selectively etching the 
?rst conductive ?lm and the third conductive ?lm so as to 
form a plurality of ?rst Wires and a plurality of ?rst elec 
trodes; forming a gate insulating ?lm so as to cover the 
plurality of Wires and the electrodes; forming a semicon 
ductor ?lm over the gate insulating ?lm; forming a semi 
conductor ?lm doped With an impurity element over the 
semiconductor ?lm; forming a fourth conductive ?lm so as 
to be electrically connected to the semiconductor ?lm doped 
With the impurity element; selectively forming a second 
resist over the fourth conductive ?lm; forming a ?fth con 
ductive ?lm over the fourth conductive ?lm and the second 
resist; removing the ?fth conductive ?lm formed over the 
second resist by removing the second resist; forming a sixth 
conductive ?lm so as to cover the ?fth conductive ?lm 
formed over the fourth conductive ?lm; and selectively 
etching the fourth conductive ?lm and the sixth conductive 
?lm so as to form a plurality of second Wires and a plurality 
of second electrodes. 

[0016] Another structure of the present invention is a 
manufacturing method of a display device, comprising the 
steps of forming a ?rst insulating ?lm; forming a semicon 
ductor ?lm over the ?rst insulating ?lm; selectively etching 
the semiconductor ?lm; forming a gate insulating ?lm so as 
to cover the semiconductor ?lm Which has been selectively 
etched; forming a ?rst conductive ?lm over the gate insu 
lating ?lm; selectively forming a ?rst resist over the ?rst 
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conductive ?lm; forming a second conductive ?lm over the 
?rst conductive ?lm and the ?rst resist; removing the second 
conductive ?lm formed over the ?rst resist by removing the 
?rst resist; forming a third conductive ?lm so as to cover the 
second conductive ?lm formed over the ?rst conductive 
?lm; selectively etching the ?rst conductive ?lm and the 
third conductive ?lm so as to form a plurality of ?rst Wires 
and a plurality of ?rst electrodes; forming a second insulat 
ing ?lm over the plurality of ?rst Wires and the plurality of 
?rst electrodes; selectively etching the gate insulating ?lm 
and the second insulating ?lm; forming a fourth conductive 
?lm so as to be electrically connected to the semiconductor 
?lm; selectively forming a second resist over the fourth 
conductive ?lm; forming a ?fth conductive ?lm over the 
fourth conductive ?lm and the second resist; removing the 
?fth conductive ?lm formed over the second resist by 
removing the second resist; forming a sixth conductive ?lm 
so as to cover the ?fth conductive ?lm formed over the 

fourth conductive ?lm; and selectively etching the fourth 
conductive ?lm and the sixth conductive ?lm to form a 
plurality of second Wires and a plurality of second elec 
trodes. 

[0017] In the above structures, a protective conductive 
?lm may be formed over the second conductive ?lm or the 
?fth conductive ?lm. 

[0018] In the above structures, the resist, Which includes 
the ?rst resist or the second resist, may be formed such that 
an end portion thereof has an inverse tapered shape. 

[0019] In the above structures, the resist, Which includes 
the ?rst resist or the second resist, may be formed so that an 
end portion thereof has a tapered shape Which is almost 
perpendicular, or Which has a taper angle of greater than or 
equal to 75° and less than 90°. 

[0020] In the above structures, the resist, Which includes 
the ?rst resist or the second resist, may be formed by a 
droplet discharging method. 

[0021] In the above structures, the second conductive ?lm 
or the ?fth conductive ?lm may be formed such that resis 
tances of the plurality of Wires are almost equal to each other 
and resistances of the plurality of electrodes are almost equal 
to each other. 

[0022] Another structure of the present invention is a 
display device comprising a semiconductor ?lm; a gate 
insulating ?lm; a gate electrode and a gate Wire; and a source 
electrode and a source Wire or a drain electrode and a drain 
Wire (also referred to as a source or drain Wiring and source 
or drain electrode). The gate electrode and the gate Wire 
include a ?rst conductive ?lm; a second conductive ?lm 
Which is selectively formed over the ?rst conductive ?lm; 
and a third conductive ?lm so as to cover the second 
conductive ?lm. 

[0023] Another structure of the present invention is a 
display device comprising a gate electrode and a gate Wire; 
a gate insulating ?lm formed so as to cover the gate 
electrode and the gate Wire; a semiconductor ?lm formed 
over the gate insulating ?lm; a semiconductor ?lm doped 
With an impurity element Which is formed over the semi 
conductor ?lm; and a source electrode and a source Wire or 
a drain electrode and a drain Wire Which are electrically 
connected to the semiconductor ?lm doped With the impu 
rity element. The gate electrode and the gate Wire include a 
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?rst conductive ?lm; a second conductive ?lm Which is 
selectively formed over the ?rst conductive ?lm; and a third 
conductive ?lm so as to cover the second conductive ?lm. 

[0024] Still another structure of the present invention is a 
display device comprising a ?rst insulating ?lm; a semicon 
ductor ?lm formed over the ?rst insulating ?lm; a gate 
insulating ?lm formed over the semiconductor ?lm; a gate 
electrode and a gate Wire formed over the gate insulating 
?lm; a second insulating ?lm formed so as to cover the gate 
electrode and the gate Wire; and a source electrode and a 
source Wire or a drain electrode and a drain Wire Which are 

electrically connected to the semiconductor ?lm. The gate 
electrode and the gate Wire include a ?rst conductive ?lm; a 
second conductive ?lm Which is selectively formed over the 
?rst conductive ?lm; and a third conductive ?lm so as to 
cover the second conductive ?lm. 

[0025] In addition, in the above structures, the source 
electrode and the source Wire, or the drain electrode and the 
drain Wire may include a fourth conductive ?lm, a ?fth 
conductive ?lm Which is selectively formed over the fourth 
conductive ?lm, and a sixth conductive ?lm so as to cover 

the ?fth conductive ?lm. 

[0026] In the above structures, the second conductive ?lm 
or the ?fth conductive ?lm may include copper. 

[0027] In the above structures, the ?rst conductive ?lm, 
the third conductive ?lm, the fourth conductive ?lm or the 
sixth conductive ?lm may include at least one of tungsten, 
molybdenum, chromium and titanium. 

[0028] In the above structures, the ?rst conductive ?lm 
and the third conductive ?lm, or the fourth conductive ?lm 
and the sixth conductive ?lm may be formed from the same 
material. 

[0029] In the above structures, a capacitor Wire, Which is 
formed in the same layer as the gate electrode and the gate 
Wire, may be included. 

[0030] In the above structures, a poWer supply line, Which 
is formed in the same layer as the source electrode and the 
source Wire or the drain electrode and the drain Wire, may be 
included. 

[0031] In the above structures, the second conductive ?lm 
may be selectively formed by being divided into at least a 
?rst portion and a second portion of the gate electrode and 
the gate Wire. 

[0032] By using the present invention, a loW resistance 
material can be used as a Wire, and the problem of signal 
delay in a large panel can be solved. 

[0033] In addition, a loW resistance material portion of a 
leading Wire is not partially formed according to Wire length, 
and thus, the problem of Wire length-dependent signal delay 
can be solved. 

[0034] Further, since a loW resistance material is used as 
a Wire, a display device Which has loW electric poWer 
consumption and can operate at high speed can be manu 
factured. 

May 17, 2007 

BRIEF DESCRIPTION OF DRAWINGS 

[0035] 
[0036] FIGS. 1A to IE shoW a manufacturing process ofa 
Wire to be used for a display device according to an aspect 
of the present invention; 

[0037] FIGS. 2A to 2E shoW a manufacturing process of 
a Wire to be used for a display device according to an aspect 
of the present invention; 

[0038] FIGS. 3A to 3F shoW a manufacturing process ofa 
semiconductor device to be used for a display device accord 
ing to an aspect of the present invention; 

[0039] FIGS. 4A to 4E shoW a manufacturing process of 
a semiconductor device to be used for a display device 
according to an aspect of the present invention; 

[0040] FIGS. 5A to SF shoW a manufacturing process of a 
semiconductor device to be used for a display device accord 
ing to an aspect of the present invention; 

[0041] FIGS. 6A to 6E shoW a manufacturing process of 
a semiconductor device to be used for a display device 
according to an aspect of the present invention; 

[0042] FIGS. 7A to 7E shoW a manufacturing process of 
a semiconductor device to be used for a display device 
according to an aspect of the present invention; 

[0043] FIGS. 8A to 8D shoW a manufacturing process of 
a semiconductor device to be used for a display device 
according to an aspect of the present invention; 

[0044] FIGS. 9A and 9B shoW a liquid crystal display 
device according to an aspect of the present invention; 

[0045] FIGS. 10A and 10B shoW a liquid crystal display 
device according to an aspect of the present invention; 

[0046] FIGS. 11A and 11B shoW an EL display device 
according to an aspect of the present invention; 

[0047] FIGS. 12A to 12C shoW leading Wires to be used 
for a display device according to an aspect of the present 
invention; 
[0048] FIGS. 13A and 13B shoW leading Wires used for a 
conventional display device; 

In the accompanying draWings: 

[0049] FIG. 14 shoWs a large-siZed display device using 
the present invention; 

[0050] FIGS. 15A to 15E shoW electronic devices using a 
display device according to an aspect of the present inven 
tion; and 

[0051] FIGS. 16A and 16B shoW semiconductor devices 
With other structures to be used for a display device accord 
ing to an aspect of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0052] Embodiment Modes of the present invention Will 
be described With reference to the draWings. The present 
invention can be carried out in many different modes Without 
being limited to the description given beloW. It is easily 
understood by those skilled in the art that modes and details 
disclosed herein can be modi?ed in various Ways Without 
departing from the spirit and the scope of the present 




































